COOH-terminal truncated cardiac myosin-binding protein C mutants resulting from familial hypertrophic cardiomyopathy mutations exhibit altered expression and/or incorporation in fetal rat cardiomyocytes.
Mutations in human cardiac myosin-binding protein C (cMyBP-C) gene are associated with familial hypertrophic cardiomyopathy (FHC), and most of them are predicted to produce COOH-truncated proteins. To understand the molecular mechanism(s) by which such mutations cause FHC, we analyzed (i) the accumulation of human cMyBP-C mutants in fetal rat cardiomyocytes, and (ii) the protein sequence of the human wild-type (wt) cMyBP-C by hydrophobic cluster analysis with the aim of identifying new putative myosin-binding site(s). Accumulation and sarcomeric localization of the wt protein and of four FHC-mutant cMyBP-Cs (E542Q and three COOH-truncated proteins) were studied in cardiomyocytes by immunostaining and confocal microscopy after transfection with myc-tagged constructs. We found that: (i) 10 % of the cells expressing COOH-truncated mutants exhibit an incorporation into the A-band of the sarcomere without any alteration of the myofibrillar architecture versus 76 % of those expressing the wt or E542Q mutant cMyBP-Cs (p<0.001); (ii) 90 % of the cells expressing the truncated mutants show a diffuse localization of these proteins in the cardiomyocytes, out of which 45 % exhibit a significant alteration of the sarcomeric structure (p<0.0001 versus wt); and (iii) the two shortest mutant cMyBP-Cs accumulate at very low levels in fetal rat cardiomyocytes as compared to the wt (p<0.008). Protein sequence analysis indicated that a 45-residue sequence in the NH2-terminal C0 domain of cMyBP-C exhibits a consistent homology (sequence similarity score of 42 %) with a segment of the NH2-terminal domain of myomesin, another myosin-binding protein. This result suggests that the C0 domain of human cMyBP-C contains a novel putative myosin-binding site that could account for the A-band incorporation of the truncated mutants. In addition, the faint accumulation and the diffuse localization of truncated mutants could probably be explained by a low affinity of the C0 domain for myosin. We conclude that COOH-truncated cMyBP-Cs may act as poison polypeptides that disrupt the myofibrillar architecture and result in the defects observed in FHC.